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- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address - 
Peri d f r Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH (S) FROM 
THE MAILING DATE OF THIS COMMUNICATION. 

- Extensions of time may be available under the provisions of 37 CFR 1 .1 36 (a). In no event, however, may a reply be timely filed 

after SIX (6) MONTHS from the mailing date of this communication. 

- If the period for reply specified above is less than thirty (30) days, a reply within the statutory minimum of thirty (30) days will 

be considered timely. 

- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this 

communication. 

- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C . § 1 33), 
Status 

1)^ Responsive to communication(s) filed on November 15. 2000 . 
2a)D This action is FINAL. 2b)^ This action is non-final. 

3>n Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 
closed in accordance with the practice under Ex parte Quayle, 1935 CD. 1 1 , 453 O.G. 21 3. 

Disp sition of Claims 

4) S Claim(s) 1-58 is/are pending in the application. 

4a) Of the above claim(s) is/are withdrawn from consideration. 

5) S Claim(s) 51-57 is/are allowed. 

6) H Claim(s) 1-4. 7- 19. 22-38. 40-42. 46-50and58 is/are rejected. 

7) 03 Claim(s) 5-6. 20-21. 39. and 43 - 45 is/are objected to. 

8) D Claims are subject to restriction and/or election requirement. 

Application Papers 

9) D The specification is objected to by the Examiner. 

10) E3 The drawing(s) filed on November 15. 2000 is/are objected to by the Examiner. 

11) D The proposed drawing correction filed on is: a)D approved b)D disapproved. 

12) D The oath or declaration is objected to by the Examiner. 

Priority under 35 U.S.C. § 1 1 9 

13) Q Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 1 19(a)-(d). 

a)D All b)D Some * c)D None of the CERTIFIED copies of the priority documents have been: 
received. 

2. D received in Application No. (Series Code / Serial Number) . 

3. D received in this National Stage application from the International Bureau (PCT Rule 1 7.2(a)). 
* See the attached detailed Office action for a list of the certified copies not received. 

14) Q Acknowledgement is made of a claim for domestic priority under 35 U.S.C. & 1 19(e). 
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Art Unit: 2877 

DETAILED ACTION 
Drawings 

The drawings are objected to as failing to comply with 37 CFR 1.84(p)(5) because they do not 
include the following reference sign(s) mentioned in the description: integrated cavity (59) on page 
12, lines 15 -16, laser cavity (75) on page 12, lines 25 - 26, and page 13, line 15, cavity (87) on 
page 14 line 19, particularly simple cavity design (99) on page 15, line 8, and mode-locked laser 
(1 05) on page 15, line 20. Correction is required. 

Any structural detail that is essential for a proper understanding of the disclosed invention 
should be shown in the drawing. MPEP § 608.02(d). Correction is required. 

Applicant is required to submit a proposed drawing correction in reply to this Office action. 
However, formal correction of the noted defect can be deferred until the application is allowed by the 
examiner. 

Claim Rejections - 35 USC § 102 

The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form the basis 
for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless - 

(b) the invention was patented or described in a printed publication in this or a foreign country or in public use or on sale in this 
country, more than one year prior to the date of application for patent in the United States. 

Claims 1 - 4, 7, 16 - 19, 22 - 37, 40 - 42, 46 - 47, 50 and 58 are rejected under 35 
U.S.C. 102(b) as being anticipated by Fermann et al. (5,627,848). 
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R garding claims 1 - 4, 7, 16 - 19, 22 - 37, 40 - 42, 46 - 47, 50 and 58 Fermann et al 
disclose a laser for generating ultra-short optical pulses (Fig. 1,4-8), comprising: a cavity which 
repeatedly passes light energy along a cavity axis; a length of multi-mode optical fiber (101 ) doped 
with a gain medium and positioned along said cavity axis; a pump (1 03) for exciting said gain 
medium; a mode locking mechanism (501 , abstract and Fig. 8) positioned on said cavity axis; and 
an optical guide (104) positioned on said cavity axis which confines the light amplified by said 
multi-mode optical fiber (101 ) to preferentially the fundamental mode of said multi-mode optical fiber 
(101). A laser for generating ultra-short optical pulses wherein said mode-locking mechanism 
comprises a passive mode-locking element (Fig. 1 , and Column 3, lines 1 3 - 26). A laser for 
generating ultra-short optical pulses wherein said passive mode locking element comprises a 
saturable absorber (abstract, Column 3, lines 13-26, Column 5, lines 61 - 63). A laser for 
generating ultra-short optical pulses wherein said saturable absorber comprises lnGaAsP(Column 5, 
lines 61 - 63). A laser for generating ultra-short optical pulses wherein said optical guide comprises a 
single-mode mode-filter (201 ) fiber on said cavity axis (Column 7, lines 28 - 43 and Column 8, lines 
1 1 - 22). A laser for generating ultra-short optical pulses, additionally comprising a polarization beam 
splitter (117, abstract, Column 5, lines 10 -23) for outputting said ultra-short optical pulses from said 
laser. A laser for generating ultra-short optical pulses, wherein said cavity comprises a pair of 
reflectors (102, 106) at its opposite ends. A laser for generating ultra-short optical pulses, wherein 
one of said pair of reflectors (302, 102, 106, Column 7, lines 55 - 67 and Column 8, lines 1 - 22) is 
partially reflecting and provides the output for said cavity. A laser for generating ultra-short optical 
pulses, wherein said mode locking mechanism comprises a saturable absorber, and wherein one of 
said reflectors is formed on a surface of said saturable absorber (Column 7, lines 55 - 67 and 
Column 8, lines 1 - 59). A laser for generating ultra-short optical pulses, additionally comprising a 
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linear phase drift compensator on said cavity axis (Fig. 1,4-8). 23. A laser for generating 
ultra-short optical pulses wherein said linear phase drift compensator comprises a Faraday rotator 
(1 13 or 1 14, Fig. 8, and Column 1, lines 49 - 56 and Column 5, lines 10 - 23). A laser for generating 
ultra-short optical pulses, wherein said linear phase drift compensator comprises a pair of Faraday 
rotators(1 13, 114, Fig. 8, and Column 1 , lines 49 - 56 and Column 5, lines 10 - 23). 25. A laser for 
generating ultra-short optical pulses additionally comprising a linear polarization transformer on said 
cavity axis (117, abstract, Column 5, lines 10-23 and Column 7, lines 55 - 67). A laser for 
generating ultra-short optical pulses, wherein said linear polarization transformer comprises a wave 
plate (Fig. 8 Column 5, lines 10-23 and Column 6, lines 7-16). A laser for generating ultra-short 
optical pulses, wherein said mode locking mechanism comprises an active mode-locking element 
(Fig. 6). A laser for generating ultra-short optical pulses, wherein said active mode locking element 
comprises an optical amplitude modulator (301 or 302 in Fig. 6, Column 7, lines 44 - 54 and Column 
8, lines 6-22). A laser for generating ultra-short optical pulses, wherein said active mode locking 
element comprises an optical frequency modulator (301 or 302 in Fig. 6 and Column 7, lines 44 - 
54). A laser for generating ultra-short optical pulses, wherein said ultra-short optical pulses 
preferentially in the fundamental mode of said multi-mode optical fiber have a pulse width below 500 
psec (Column 2, lines 51 - 67). A laser for generating ultra-short optical pulses, additionally 
comprising an environmental stabilizer on said cavity axis to assure that said cavity remains 
environmentally stable (Column 7, lines 55 - 67 and Column 8, lines 1 - 22). 32. A laser for 
generating ultra-short optical pulses, wherein said environmental stabilizer comprises a Faraday 
rotator (1 13 or 1 14, Fig. 8, and Column 1 , lines 49 - 56 and Column 5, lines 10 - 23). A laser for 
generating ultra-short optical pulses, wherein said environmental stabilizer comprises a pair of 
Faraday rotators (1 1 3 or 1 1 4, Fig. 8, and Column 1 , lines 49 - 56 and Column 5, lines 10-23). 
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A laser for generating ultra-short optical pulses, wherein said optical guide comprises an optical fiber 
doped with an amplifying medium to provide gain guiding (Column 8, lines 1 - 59). A laser for 
generating ultra-short optical pulses, wherein said amplifying medium is concentrated centrally within 
a fraction of the core diameter of said optical fiber (Column 4, lines 1 9 - 40). A laser for generating 
ultra-short optical pulses, wherein said optical guide comprises a single-mode optical fiber on said 
cavity axis ( Fig. 5, 201 and Column 7, lines 20 - 43). 40. A laser for generating ultra-short optical 
pulses, wherein said cavity additionally comprises a positive dispersion element (Fig. 5, and Column 
7, lines 20 - 43). A laser for generating ultra-short optical pulses, wherein said positive dispersion 
element comprises a length of single-mode positive dispersion fiber positioned along said cavity axis 
(Fig. 5, and Column 7, lines 20 - 43). A laser for generating ultra-short optical pulses, additionally 
comprising an output coupler for limiting the light energy at said single-mode positive dispersion fiber 
to less than 10% of the peak power in said cavity (Fig. 5, and Column 7, lines 20 - 43). A laser for 
generating ultra-short optical pulses, wherein said mufti-mode fiber includes a core, and wherein said 
gain medium in said mufti-mode optical fiber is concentrated centrally within the core of said 
mufti-mode fiber (Fig. 1 and , 4 - 8). A laser for generating ultra-short optical pulses, wherein said 
mufti-mode optical fiber is polarization-maintaining (Column 8, lines 32 - 49). A laser for generating 
ultra-short optical pulses, wherein said cavity additionally comprises a fiber grating (105) written onto 
said mufti-mode fiber, said grating (105) primarily reflecting the fundamental mode of said mufti-mode 
fiber. A mode-locked laser for generating high power ultra-short optical pulses (Fig. 1,4-8), 
comprising: a mufti-mode optical fiber (101) doped with gain material for amplifying optical energy; 
means for pumping (103) said optical fiber; and means for confining the optical energy amplified by 
said mufti-mode optical fiber to substantially the fundamental mode of said mufti-mode optical fiber . 
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Claim R jections - 35 USC § 103 

The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all obviousness 
rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in section 
1 02 of this title, if the differences between the subject matter sought to be patented and the prior art are such that the 
subject matter as a whole would have been obvious at the time the invention was made to a person having ordinary skill 
in the art to which said subject matter pertains. Patentability shall not be negatived by the manner in which the 
invention was made. 

Claims 8 - 1 5, 38 - 39, 49 and 49 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Fermann et al. (5,627,848). 

Fermann et al discloses the claimed invention except for a laser for generating ultra-short 
optical pulses wherein said single-mode mode-filter fiber is fusion spliced onto one end of said multi- 
mode optical fiber, a multi-mode fiber is tapered at said fusion splice, the pump is coupled to said 
multi-mode fiber along said cavity axis, and v-groove on the multi-mode optical fiber for coupling said 
pump to said multi-mode fiber. It would have been obvious at the time of applicant's invention, of 
teaching a laser for generating ultra-short optical pulses wherein said single-mode mode-filter fiber is 
fusion spliced onto one end of said multi-mode optical fiber, a multi-mode fiber is tapered at said 
fusion splice, the pump is coupled to said multi-mode fiber along said cavity axis, and v-groove on the 
multi-mode optical fiber for coupling said pump to said multi-mode fiber because are very well known 
in the art and hence would have been obvious to one of ordinary skill in the art at the time the 
invention was made to apply these teachings to the claimed apparatus 
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Allowable Subject Matter 

Claims 5 - 6, 20 - 21 , and 43 - 45 are objected to as being dependent upon a rejected base 
claim, but would be allowable if rewritten in independent form including all of the limitations of the 
base claim and any intervening claims. Claims 5 - 6, 20 - 21 , and 43 - 45 have been allowed over 
the prior art because they fail to teach a laser for generating ultra-short optical pulses, additionally 
comprising a power limiter for protecting said saturable absorber, power limiter comprises a two 
photon absorber. A laser for generating ultra-short optical pulses wherein said mode locking 
mechanism comprises a power limiter for protecting said saturable absorber, and wherein said 
saturable absorber is formed on a surface of said power limiter opposite said one of said reflectors. A 
laser for generating ultra-short optical pulses, wherein said frequency converter comprises a 
frequency doubter. A laser for generating ultra-short optical pulses, wherein said frequency doubter 
comprises chirped periodically poled LiNb0 3 . 

The following is an examiner's statement of reasons for allowance: claims 51 and 55 has been 
allowed over the prior art because they fail to teach a method of generating ultra-short pulses, 
comprising: providing a length of optical fiber doped with a gain medium; repeatedly passing signal 
light through said length of optical fiber to produce said ultra-short pulses; and providing sufficient 
stored energy within said gain medium to amplify said pulses to a peak power above 1 KW in 
combination with the remaining limitation on claims 52 - 54 and 56 - 57. 

Claims 52 - 54 and 56 - 57 has been found allowable due to their dependency on claim 51 
and 55. 
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Any comments considered necessary by applicant must be submitted no later than the 
payment of the issue fee and, to avoid processing delays, should preferably accompany the issue 
fee. Such submissions should be clearly labeled "Comments on Statement of Reason for Allowance" 



Any inquiry concerning this communication or earlier communications from the examiner 
should be directed to Delma R. Flores Ruiz whose telephone number is (703) 308-6238. The 
examiner can normally be reached on M - F. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's supervisor, 
Frank G. Font can be reached on (703) 308-4881 . The fax phone numbers for the organization 
where this application or proceeding is assigned are (703) 308-7722 for regular communications and 
(703) 308-7724 for After Final communications. 

Any inquiry of a general nature or relating to the status of this application or proceeding should 
be directed to the receptionist whose telephone number is (703) 308-0956. 



Conclusion 



Delma R. Flores Ruiz 
Examiner 
Art Unit 2877 




Supervisor Patent Examiner 
Art Unit 2877 



drfr 

November 15, 2000 
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transmission system, interface, optical interface, op- 
tical signal, propagation medium, radio* signal, 
sound signal, telegraph, telephone, transmission sys- 
tem, video, voice. 

multimegabit data service: A data service that pro- 
vides a data signaling rate (DSR) that is over 1 Mb • s" 1 
(Mb/s, megabits per second). Note: A fiber optic link 
has the capability to provide multimegabit data services. 
See switched multimegabit data service. See also 
data signaling rate, fiber optic link, telecommunica- 
tions service. 

multimeter: A test instrument that (a) is used for mea- 
suring voltages, currents, and resistances that may lie 
within a number of different ranges, (b) has a range 
selection capability to obtain measurement precision, 
and (c) must be operated with caution so as not to allow 
the indicator to go off scale. A measurement should be 
made starting with the scale that measures the largest 
unit. Note: A lightwave multimeter manufactured by 
the Hewlett-Packard Company that has two slots for 
plug-in modules with sensitivities from —70 dBm to 
-110 dBm and a wavelength range from 450 nm to 
1700 nm (0.45 pm to 1.7 pm). Synonyms volt-ohm 
meter, volt-ohm milliammeter. See digital multime- 
ter, electronic multimeter, optical multimeter. See 
also current, precision, range, scale, voltage. Refer 
to Fig. L-8. 

multimode: In an electromagnetic wave propagating 
in a waveguide, such as a lightwave propagating in an 

. optical fiber, pertaining to (a) the existence of two or 
more modes in the wave or (b) the capability of the 
waveguide to support two or more modes. See also 
electromagnetic wave, lightwave, mode, optical fi- 

. ber, propagation, single mode, waveguide. Refer to 
Figs. O-l, T-6. 

multimode dispersion: 1. Synonym multimode distor- 
tion. 2. See optical multimode dispersion. 

multimode distortion: In an optical waveguide, such 
as an optical fiber, a slab dielectric waveguide, or optical 
integrated circuit (OIC), the distortion that (a) results 
from differential mode delay, (b) is a result of the spread 
in time of a pulse because the velocity of propagation 
is not the same for all the modes in an optical pulse, 
i.e., optical signal, and (c) is not a result of dispersive 
mechanisms, i.e., is not a form of dispersion, such as 
waveguide dispersion, profile dispersion, or material 
dispersion. Note 1 : Multimode distortion in multimode 
step-index optical fibers may be compared to multipath 
propagation of radio signals. The direct signal is dis- 
torted by the arrival of the reflected signals a moment 
later. In a step-index optical fiber, rays taking more 
direct paths through the fiber core, i.e., those undergoing 



fewer reflections at the core-cladding boundary, tra- 
verse the length of the fiber sooner than those rays that 
undergo more reflections, resulting in signal distortion 
at the end of the fiber. Note 2: Multimode distortion 
limits the bandwidth of a given multimode optical fiber. 
A typical step index optical fiber with a 50-pm (micron) 
core would be limited to about 20 MHz (megahertz) for 
a 1-km (kilometer) length, i.e., a bandwidth • distance 
factor of 20 MHz • km. Note 3: Multimode distortion 
may be considerably reduced, but not completely elimi- 
nated, by the use of a core having a graded refractive 
index profile. The bandwidth • distance factor of a typi- 
cal off-the-shelf graded index multimode optical fiber 
having a 50-pm (micron) core may be over 1 GHz • km 
(gigahertz • kilometer), with over 10 GHz • km fibers 
having been produced. Note 4: Because of its similarity 
to dispersion in its effect on optical signals, multimode 
distortion is sometimes incorrectly referred to as "inter- 
modal dispersion," "modal dispersion," or "multimode 
dispersion." Such usage is incorrect because multimode 
distortion is not truly a dispersive effect. Dispersion 
is a wavelength-dependent phenomenon, particularly 
because of the spectral width of a pulse, whereas multi- 
mode distortion may occur to a single wavelength. Syn- 
onyms intermodal distortion, modal distortion, 
multimode dispersion. See also bandwidth • dis- 
tance factor, cladding, coherence area, coherence 
length, coherence time, core, differential mode de- 
lay, distortion, distortion-limited operation, fiber 
optics, graded refractive index, material dispersion, 
mode, multimode optical fiber, multipath, optical 
pulse, optical signal, optical waveguide, profile dis- 
persion, propagation, spectral width, step index op- 
tical fiber, waveguide dispersion, wavelength. 

multimode facility: In communications systems, a fa- 
cility that is capable of handling more than one trans- 
mission mode, such as telephone, telegraph, radio, and 
facsimile transmission. See also facility, facsimile, ra- 
dio, telegraph, telephone, transmission mode. 

multimode fiber: Synonym multimode optical fiber. 

multimode group delay: Synonym differential 
mode delay. 

multimode group delay spread: In an electromagnetic 
wave propagating in a waveguide, such as an optical 
pulse propagating in an optical fiber, the variation in 
group delay time, caused by differences in group veloc- 
ity, among bound propagating modes even at a single 
frequency. Note: The differences in arrival times of the 
leading and trailing edges of a pulse at the end of the 
waveguide, as compared to the sending end, is caused 
by the different propagation delays of the different 
modes. The modes can be considered as different opti- 



cal path£ of 
fiber, it is p 
along the o; 
end sooner i 
the core, th 
the fiber to 
great, inter? 
consecutive 
ceived puis 
profile of tr 
a helical pat 
through a 1c 
faster in th 
along the oj 
axis of the < 
so that the> 
time. Actua 
as long as a 
the fiber at t 
are being m 
also bound 
delay time, 
leading edj 
optica] pa 
propagatio 
refractive 
dispersion, 

multimode 

ing two or 
central wav 
ser, multili 

multimode 

a common 
both analog 
data, facsin 
circuit thou 
Y Simulianeo 
sion mode : 
multiplexin 
links, and fi 
ation. See a 
simile, fibe 
net, intern 
propagatio 

multimode 

the propag; 
given opera 
cal fiber ma 
or a step in 
of modes tl 
the core di 
the wavelei 
bound men 



£3£ 



614 

ndary, tra- 
se rays that 
1 distortion 
: distortion 
ptical fiber, 
m (micron) 
;ahertz) for 
i • distance 
; distortion 
;tely elimi- 
l refractive 
>r of a typi- 
ptical fiber 
GHz • km 
■ km fibers 
5 similarity 
multimode 
o as "inter- 
multimode 
multimode 
Dispersion 
>articularly 
reas multi- 
sngth. Syn- 
distortion, 
idth • dis- 
coherence 
mode de- 
ion, fiber 
lispersion, 
h, optical 
►rofile dis- 
index op- 
igth. 

terns, a fa- 
one trans- 
radio, and 
simile, ra- 
ode. 

ical fiber, 
ifferential 



omagnetic 
an optical 
ariation in 
oup veloc- 
at a single 
mes of the 
end of the 
, is caused 
: different 
erent opti- 



615 

cal paths of different optical path lengths. In an optical 
fiber, it is possible for photons or waves that propagate 
along the optical fiber axis of the core to arrive at the 
end sooner than those that follow a helical path through 
the core, thus causing the pulse duration at the end of 
the fiber to be increased. If the pulse duration is too 
great, intersymbol interference, i.e., an overlapping of 
consecutive pulses, will occur. The duration of the re- 
ceived pulse can be reduced if the refractive index 
profile of the core is arranged so that light rays taking 
a helical path along the outer edges of the core propagate 
through a lower-refiractive-index material, hence travel 
faster in the longer path than axial rays propagating 
along the optical axis, or in a helical path closer to the 
axis of the core, in the higher refractive index material, 
so that they arrive at the end of the fiber at the same 
time. Actual propagation delay is of little consequence, 
as long as all rays of a given pulse arrive at the end of 
the fiber at the same time. Zero-dispersion optical fibers 
are being made. Synonym differential mode delay. See 
also bound mode, core, electromagnetic wave, group 
delay time, group velocity, intersymbol interference, 
leading edge, mode, optical fiber, optical fiber axis, 
optical path length, optical pulse, path, photon, 
propagation, propagation delay, pulse duration, ray, 
refractive index profile, trailing edge, wave, zero 
dispersion, zero-dispersion optica! fiber. 

multimode laser: A laser that emits radiation contain- 
ing two or more modes, i.e., two or more different 
central wavelengths. See also central wavelength, la- 
ser, multiline laser, radiation. 

multimode operation: In analog systems, the use of 
a common circuit or a single propagation medium for 
both analog and digital data, such as voice, binary coded 
data, facsimile, and international Morse code all on one 
circuit though not necessarily at the same time. Note: 
Simultaneous transmission in more than one transmis- 
sion mode at the same time can be accomplished using 
multiplexing techniques. Fiber optic nets, fiber optic 
links, and fiber optic loops can support multimode oper- 
ation. See also analog data, circuit, digital data, fac- 
simile, fiber optic link, fiber optic loop, fiber optic 
net, international Morse code, mode, multiplexing, 
propagation medium, transmission mode, voice. 

multimode optical fiber: An optical fiber that supports 
the propagation of more than one bound mode at a 
given operating wavelength. Note 1 : A multimode opti- 
cal fiber may be either a graded index (GI) optical fiber 
or a step index (SI) optical fiber. Note 2: The number 
of modes that an optical fiber will support depends on 
the core diameter, the numerical aperture (NA), and 
the wavelength. Synonym multimode fiber. See also 
bound mode, cladding mode, core, core diameter, 



multipath fading 

coupled modes, fiber optics, graded index optical 
fiber, modal distribution, modal noise, mode, mode 
scrambler, mode volume, numerical aperture, opti- 
cal fiber, single-mode optical fiber, step index optical 
fiber, wavelength. Refer to Figs. A-6, L-ll, R-7. Refer 
to Appendix B, Tables 2, 4. 

multimode waveguide: A waveguide that can support 
more than one mode. Note: Because different wave- 
lengths constitute different modes and the number of 
modes is also dependent on the numerical aperture (NA) 
and the core diameter, a given "multimode" waveguide 
might support only one mode and therefore could be 
called a single-mode waveguide if the operating wave- 
length is long enough, and conversely, a given "single- 
mode waveguide" might support several modes and 
therefore could be called a multimode waveguide if the 
operating wavelength is short enough. See also core, 
core diameter, mode, numerical aperture, single- 
mode waveguide, wavelength. 

multinode network: A communications network, such 
as a fiber optic net, in which users may be intercon- 
nected through more than one node. See also fiber 
optic net, network, node. 

multipaired cable: A paired cable that has two or more 
pairs of electrical conductors, such as two or more 
twisted pairs. See also cable, conductor, fiber optic 
cable, hybrid cable, paired cable, twisted pair. 

multipath: 1. For lightwaves in dielectric waveguides, 
pertaining to the different paths taken by the various 
modes in lightwaves propagating in the waveguide. 
Note: Causes of multipath in optical fibers include re- 
fractive index and entrance condition variations. 2. The 
propagation phenomenon that results in radio signals 
reaching the receiving antenna by two or more paths. 
Note 1: For radio, video, and microwave transmissions, 
causes of multipath include atmospheric ducting, iono- 
spheric reflection and refraction, and reflection from 
terrestrial objects, such as mountains and buildings. 
Note 2: Multipath can cause constructive interference, 
phase shifting, and destructive interference. Note 3: In 
facsimile and television transmission, multipath causes 
jitter and ghost images. See also antenna, capture 
effect, constructive interference, destructive inter- 
ference, dielectric waveguide, entrance condition, 
facsimile, ghost image, ionosphere, jitter, lightwave, 
mode, object, phase, phase shift, propagation, 
Rayleigh fading, reflection, refraction, refractive in- 
dex, television, waveguide. 

multipath fading: In the propagation of electromag- 
netic waves, including (a) radio waves in free space 
and the atmosphere and (b) lightwaves in dielectric 
waveguides, such as optical fibers, slab dielectric wave- 
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single harmonic distortion: In a signal, the ratio of 
(a) the power of a given harmonic, such as the second, 
third, or fourth harmonic, to (b) the power.of the funda- 
mental frequency, i.e., the first harmonic. Note: Single 
harmonic distortion is measured at the output of a device 
under specified conditions and usually is expressed in 
dB. See also distortion, frequency, fundamental fre- 
quency, harmonic distortion, signal, total har- 
monic distortion. 

single heterojunction: In a laser diode, a junction that 

(a) performs two energy level shifts and two refractive 
index shifts and (b) provides increased confinement 
of radiation direction, improved control of radiative 
recombination, and reduced nonradiative (thermal) re- 
combination. See also energy level, junction, laser 
diode, nonradiative recombination, radiation, radia- 
tive recombination. 

single inline package: An integrated circuit package 
that (a) has a rectangular housing, (b) has one row of 
pins on a side, and (c) is compatible with standard 
integrated circuit sockets. Common abbreviation: SIP. 
Note: An example of a dual inline package (DIP) is a 
microcircuit package with one row of seven vertical 
leads that is specially designed for mounting on a 
printed circuit board. The SIP is used to contain control 
circuits for controlling fiber optic links and fiber optic 
nets. See also circuit, dual inline package, fiber optic 
link, fiber optic net, integrated circuit, large-scale 
integrated circuit, optical integrated circuit, single 
inline package switch. 

single lens: A lens composed of only one piece of 
optical material, such as glass or plastic. See also com- 
pound lens, glass, optical glass, optical plastic. 

single mode: 1. In an electromagnetic wave propagat- 
ing in a waveguide, such as a lightwave propagating 
in an optical fiber, pertaining to (a) the existence of 
one and only one mode in the wave or (b) the capability 
of the waveguide to support one and only one. 2. In 
an electromagnetic wave, such as a lightwave or radio 
wave, propagating in a waveguide, such as an optical 
fiber, a hollow or dielectric-filled rectangular metallic 
waveguide, a slab dielectric waveguide, or an optical 
integrated circuit (OIC), pertaining to an operating con- 
dition in which only one propagation mode, i.e., a beam 
of only one wavelength, is supported by the waveguide 
because (a) the wavelength is at the cutoff wavelength, 

(b) shorter wavelengths could be supported but they 
are not in the incident wave, i.e., in the wave inserted 
into the guide, and (c) longer wavelengths cannot be 
supported even if they are in the incident waves, i.e., 
they do not fit in the cross section of the guide. Note 
1: The concept of single mode is also applicable to 



sound waves in a length of tubing and to vibrations in 
material media. Note 2: An optical fiber designated as 
a single-mode fiber can support more than one mode 
by inserting lightwaves of shorter wavelength. Thus, 
for single-mode operation of a given fiber, the operating 
wavelength must be specified. Note 3: The single mode 
usually is the lowest order bound mode, consisting of 
a pair of orthogonally polarized electric and magnetic 
fields. See also cutoff wavelength, electric field, elec- 
tromagnetic wave, incident, lightwave, lowest order 
mode, low-order mode, magnetic field, mode, multi- 
mode optical fiber, operating wavelength, optical 
fiber, optical integrated circuit, orthogonal, polar- 
ization, polarized mode, propagation, propagation 
medium, radio wave, single-mode optical fiber, slab 
dielectric waveguide, waveguide. Refer to Figs. O-l, 
S-20, T-6. 

single-mode fiber: Synonym single-mode optical 
fiber. 

single-mode launching: The insertion of an electro- 
magnetic wave into a waveguide in such a manner that 
(a) only one propagation mode is coupled into, and 
hence transmitted, by the guide, (b) various parameters, 
such as incidence angle, beam diameter, skew ray angle, 
and source to waveguide longitudinal displacement are 
controlled, and (c) propagation of the mode depends on 
waveguide dimensions, the wavelength of the inserted 
waves, and refractive indices of the material constitut- 
ing the guide. See also coupling, electromagnetic 
wave, incidence angle, mode, parameter, propaga- 
tion, refractive index, skew ray, transmission, wave- 
guide. 

single-mode optical fiber: An optical fiber in which 
only one bound mode, i.e., the lowest order bound 
mode, can propagate at a given wavelength, numerical 
aperture, and core radius. Note J: The lowest order 
bound mode may be a pair of orthogonally polarized 
electric and magnetic fields. Note 2: To support one 
mode, the core radius must be less than twice the wave- 
length of the source of radiation and the numerical 
aperture must be adjusted accordingly. Note 3: In step 
index optical fibers, single-mode operation occurs when 
the normalized frequency, V, is less than 2.405. For 
power law profiles, single-mode operation occurs for 
a normalized frequency, V, less than approximately 
2.405 [{g + 2)/g] 1/2 , where g is the profile parameter. 
Note 4: If appropriate conditions are met, the orthogonal 
polarizations will not be associated with degenerate 
modes. Synonyms monomode fiber, monomode opti- 
cal fiber, single-mode fiber. See dispersion -unshifted 
single-mode optical fiber. See also bound mode, core, 
core diameter, mode, multimode optical fiber, nor- 
malized frequency, numerical aperture, operating 
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single sideband transmission 



mode, optical fiber, profile parameter, radiation, 
source, step index optical fiber. Refer to Figs. E-l, 
L-ll, M-3, R-7, S-9. 

single-mode optical waveguide: An optical waveguide 
that is capable of supporting the propagation of only 
one mode at a given wavelength. Note: An optical 
waveguide designed to operate in single mode at a 
given wavelength may support more than one mode if 
operated at shorter wavelengths. See also mode, multi- 
mode, operating wavelength, optical waveguide, 
propagation, single mode, single- mode optical fi- 
ber, wavelength. 

single-mode waveguide: 1. A waveguide that can sup- 
port only one mode. Note: Because different wave- 
lengths constitute different modes and the number of 
modes is also dependent on the numerical aperture (NA) 
and the core diameter, a given multimode waveguide 
might support only one mode in a given wavelength 
range and therefore could be called a "single-mode 
waveguide" if the operating wavelength is long enough, 
and conversely, a given single-mode waveguide might 
support several modes and therefore could be called a 
multimode waveguide if the operating wavelength is 
short enough. 2. A waveguide in which only one bound 
mode, i.e., the lowest order bound mode, can propagate 
at a given wavelength, numerical aperture, and cross- 
sectional dimension. Note 1 : The lowest order bound 
mode may be a pair of orthogonally polarized electric 
and magnetic fields. Note 2: To support one mode, the 
cross-sectional dimension must be less than twice the 
wavelength of the source of radiation and the numerical 
aperture must be adjusted accordingly. Note 3: If appro- 
priate conditions are met, the orthogonal polarizations 
will not be associated with degenerate modes. Synonym 
monomode waveguide. See also bound mode, core, 
electric field, magnetic field, mode, multimode wave- 
guide, numerical aperture, operating mode, orthog- 
onal, polarization, radiation, range, single-mode op- 
tical fiber, source, waveguide, wavelength. 

single-node network: See network topology. 

single optical fiber: An optical fiber that is optically 
isolated from other optical fibers but may be combined 
with other optical fibers to form fiber optic cables, 
aligned bundles, unaligned bundles, and fiber optic 
faceplates. See also aligned bundle, fiber optic cable, 
fiber optic faceplate, optical fiber. 

single precedence message: A message in which 
(a) the same precedence is applicable to all addressees, 
i.e., to both action addressees and information address- 
ees, and (b) only one precedence designator is needed. 
See also dual precedence message, message, prece- 
dence, precedence designator. 



single sideband: Pertaining to amplitude modulation 
that (a) primarily is used in carrier telephony and high 
frequency (HF) radio to increase transmission effi- 
ciency, i.e., power efficiency, (b) is used to increase 
electromagnetic spectrum utilization in terms of the 
total number of channels available in a given band- 
width, (c) uses only one sideband for transmission while 
the other sideband and the carrier is suppressed, and 
(d) although proposed for the uplink and downlink of 
satellite systems, its use in satellite systems has been 
limited. Common abbreviations: SS, SSB. See also am- 
plitude modulation, bandwidth, carrier, channel, 
downlink, electromagnetic spectrum, satellite com- 
munications system, sideband, suppressed carrier, 
transmission efficiency, uplink. 

single sideband emission: An amplitude-modulated 
emission with only one sideband. Common abbrevia- 
tion: SSB emission. See also amplitude modulation, 
carrier, double sideband reduced carrier transmis- 
sion, double sideband suppressed carrier transmis- 
sion, double sideband transmission, emission, full 
carrier single sideband emission, reduced carrier 
single sideband emission, sideband, sideband trans- 
mission, suppressed carrier single sideband 
emission. 

single sideband equipment reference level: The 
power of one of two equal tones that, when used to- 
gether to modulate a transmitter, cause it to develop 
its full rated peak power output. Common abbreviation: 
SSB equipment reference level. See also level, peak 
power output, rated power output, reference, refer- 
ence circuit, reference level, sideband transmis- 
sion, transmitter. 

single sideband noise power ratio: The ratio of (a) the 
output power, measured with a notch in, to (b) the 
output power, measured with the notch out. Note J : 
Measurements are made in which (a) notched noise is 
used, (b) power is in the notch bandwidth, and (c) power 
is measured at the output of the device for which the 
single sideband (SSB) noise power ratio is being deter- 
mined. Note 2: The input power must be sufficient to 
maintain a constant total system mean noise power 
output. See also noise, notch, notched noise. 

single sideband suppressed carrier (SSB-SC) trans- 
mission: Single sideband transmission in which (a) the 
carrier is suppressed and (b) the carrier power level is 
suppressed so that it is insufficient for signal demodula- 
tion. Common abbreviation: SSB-SC transmission. 
See also carrier, demodulation, power level, single 
sideband transmission. 

single sideband transmission: Sideband transmission 
in which (a) only one sideband is transmitted and (b) the 



